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Abstract 

We make comments on Gaidarzhy et al.^s [Phys. Rev. Lett. 94, 030402 (2005)] letter. 

PACS numbers: 03.65.Ta, 62.25. +g, 62.30.+d, 62.40. +i 
Keywords: 



1 (February 1, 2008) 



Quite recently Gaidarzhy et al. [1] have measured displacement in a series of nanome- 
chanical oscillators [2-3] with 1.49-GHz resonance frequencies down to 110 mK temperatures. 
While the low frequency mode at 21 MHz shows classical behavior with expected drive de- 
pendence (oc B"^), the 1.49 GHz mode displays nonmonotonic dependence on driving force 
at a temperature which corresponds to a thermal occupation number A''^^ 1 (cf. Fig. 4 
therein [1]). They finally claimed that their experimental data indicate the first observation 
of quantum displacement in macroscopic nanomechanical oscillators. However, as they also 
argued that, there may be other semiclassical mechanisms which involve both nonlinearity 
and quantum effects [4]. 

The quantum mechanical harmonic oscillator [1-3] is a fundamental example of textbook 
quantum mechanics. Understanding the measurement of the quantum system itself requires 
identifying the components of the quantum measurement process: quantum system, mea- 
suring apparatus, and their interaction [5]. Goupling to the environment, which introduces 
decoherence and dissipation, must be included in the theoretical analysis [6] . 
Based on the present author's experiences, we like to make some remarks about the possible 
origin of their so-called quantum displacement in macroscopic nanomechanical oscillators. 
Firstly, judged from the brief introduction of their experimental procedure, their might be 
no explicit Casmir effects [7]. However, the zero-point vibrations at low temperature and 
the anharmonic decay of the phonon [8] should be carefully taken into account as the au- 
thors already mentioned : the intermediate jumps between these two (discrete) states (in 
the range of 6.5 — 7 Tesla in Fig. 4(b) [1]) could represent transitions induced by thermal 
fluctuations, as the temperature even at Nth ^ 1 is high enough that the thermal energy 
k^T smears the gap hf in the energy levels. 

On the other hand, as noted by Gaidarzhy et al. in [1] : another possibility is that the 
oscillator does not start from the energy eigenbasis, as there is no a priori reason for it to be 
in this preferred basis. The present author would like to point out, the stochastic resonance 
[9-10], e.g., the two-state model [10], might also induce the results reported in Fig. 4 of [1]. 
Either the stochastic resonance in a paramagnetically driven bistable buckling ribbon [11] 
or a magnctostochastic resonance in thin films [12] have been reported previously. To be 
specific, considering Fig. 4 (c) in [1], as mentioned therein : two sweeps of the magnetic field, 
up (black) and down (blue), reproducing the same transition, with occasional transitions to 
a possible intermediate state, there also are possible weak stochastic resonances in the range 



2 (February 1, 2008) 



of 10 — 10.5 Tesla (cf. Fig. 4 (c) in [1] together with Figs. 3 and 4 of Gammaitoni et al. in 
[10]). 

In brief, detailed considerations of Casmir effects together with anharmonicity of thermal 
phonons as well as stochastic resonances should be made to draw the final conclusion for 
the possible observation of quantum displacement in [1] . 
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